We have cloned the gene for carbohydrate oxidase (CHO) from Lactuca sativa in two species of yeasts (Saccharomyces cerevisiae and Pichia pastoris). The synthetic gene for the carbohydrate oxidase (1821 bp) from L. sativa cloned into the vector pUC57 and inserted into plasmids pYES2 and pGAP using Escherichia coli DH5α strain. The P. pastoris strain X-33 and the S. cerevisiae strain InvSC1 were used for extracellular expression of CHO. After transformation of P. pastoris X-33 with CHO-pGAP construct none of the colonies showed CHO activity. Two samples displayed a band which did not exist in the sample with the empty vector similar to the molecular weight of CHO. The S. cerevisiae strain InvSC1 has been also transformed with CHO-pYES constructs. Three colonies grew on the plate with cells transformed with the construct. One of the samples showed a band corresponding to about 110 kDa, but no CHO activity was recorded in this case either. Cloning of the foreign genes and heterologous expression in yeasts is widely used in biotechnology, but sometimes can be very dependent on the gene sequence and strain used. In order to obtain active CHO enzyme the further studies on purification and refolding of expressed protein are necessary. Carbohydrate oxidase (CHO) from lettuce (Lactuca sativa) is an enzyme that has not been examined in detail. Very little is known about its structure and function. CHO belongs to the large family of carbohydrate oxidases which oxidize sugars. Length of the polypeptide sequence varies depending on the source. Some carbohydrate oxidases have long polypeptide chains (418 to 475 amino acids), while some authors mention up to 540 amino acids polypeptide sequences [1] [2] [3] . One of the domains is a flavin cofactor binding domain, and the second is a substrate binding domain. Most of substrate oxidation occurs through a so-called ping-pong mechanism [4] . The Michaelis-Menten constant and V max vary depending on the substrate used, and on the natural source from which enzyme was obtained. K m may be from 0.175 mM for glucose up to 11 mM for lactose and 50 mM for galactose. According to some authors, the K m for lactose is 0.066 mM [1,3--5]. The temperature and pH optimum of the enzyme Correspondence: V.M. Tadić,
Carbohydrate oxidase (CHO) from lettuce (Lactuca sativa) is an enzyme that has not been examined in detail. Very little is known about its structure and function. CHO belongs to the large family of carbohydrate oxidases which oxidize sugars. Length of the polypeptide sequence varies depending on the source. Some carbohydrate oxidases have long polypeptide chains (418 to 475 amino acids), while some authors mention up to 540 amino acids polypeptide sequences [1] [2] [3] . One of the domains is a flavin cofactor binding domain, and the second is a substrate binding domain. Most of substrate oxidation occurs through a so-called ping-pong mechanism [4] . The Michaelis-Menten constant and V max vary depending on the substrate used, and on the natural source from which enzyme was obtained. K m may be from 0.175 mM for glucose up to 11 mM for lactose and 50 mM for galactose. According to some authors, the K m for lactose is 0.066 mM [1,3--5] . The temperature and pH optimum of the enzyme are also diverse. The most common data in the studies mention a temperature optimum of around 38 °C [4] . The pH optimum displays two peaks, the first one located at pH 6.0-6.5, and the other one at pH 9-10.5 [6, 7] .
All the carbohydrate oxidases have found great application in various fields of industry. Examples of such enzymes are glucose oxidase, L-glucono lactone oxidase, hexose oxidase, lactose oxidase, glucoologosaccharide-oxidase and pyranose oxidase. All of mentioned enzymes, except glucose oxidase and pyranose oxidase, belong to the family of vanillyl alcohol oxidases.
Data on CHO relative molecular mass are also diverse depending on the source of the enzyme. Moreover, recombinant proteins have higher molecular weight. Proteins derived from expression vectors such as yeasts S. cerevisiae or P. pastoris, have a higher degree of glycosylation. The recombinant enzyme, expressed in P.pastoris, contains up to 14 N-linked mannose residues [8] . The relative molecular weight of the carbohydrate oxidase from various species of fungi, bacteria and plants has been found to vary between 45 and 65 kDa [1] [2] [3] [4] . CHO catalyzes the oxidation of the primary alcohol groups in monosaccharides and oligosaccharides, with the reduction of molecular oxygen to hydrogen peroxide. The enzyme is capable of generating hydrogen peroxide using cellobiose as substrate. However, this enzyme does not oxidize fructose. Essential substrate structure is a six-member pyranose monosaccharide ring and the OH group on the second carbon atom in the equatorial position [1, 8, 9] .
CHO may be applied to the diagnosis, particularly in biosensors for the determination of glucose in the blood, in the food industry, agriculture, production of bread and detergents and in various other industrial areas. The drawback of this enzyme is the low concentrations in natural sources [10] . Also, natural enzymes often do not meet industrial requirements. Various methods of recombinant technology have been developed for the synthesis of these enzymes. Apart from the necessary quantities, the enzyme must have a high stability and activity, particular substrate specificity and high selectivity.
Very little is known about the structure and activities of CHO from lettuce and its role in nature can be easily described through examples of related enzymes. All members of the large family of CHO's have the same role: oxidation of sugar. Today, the best known and most widely applied enzymes are glucose oxidase, galactose oxidase and hexose oxidase.
The yeast P. pastoris has become one of the most used eukaryotic organisms for the production of recombinant proteins. Many authors emphasize that P. pastoris is easy to grow and can reach a high density of cells, which is of great industrial interest. In addition, this system has strong regulated promoters and has the ability of secreting foreign proteins. Also, it has the possibilities of posttranslational modifications in the form of glycosylation and formation of disulfide bonds [11, 12] . However, the high density of cells raises several problems such as transfer of oxygen, which is the main limiting factor. The high cell density is a source of stress which could lead to a decrease in cell viability and productivity and increase cell lysis. Another problem associated with the secretion of heterologous protein is the retention of a certain amount of product in the cells [13] .
Most P. pastoris expression systems use the methanol-induced alcohol oxidase (AOX1) promoter. Upon induction by methanol, the relative amount of AOX in total soluble proteins can typically rise up to 30%. AOX1 and AOX2 genes encode a functional enzyme, except that the AOX1 makes 95% of the AOX expressed due to the strength of its promoter. Therefore, systems that use pAOX1 take priority in the expression of foreign proteins [12] .
Unlike the AOX1 system, where the production is limited by the availability of the protein in the methanol induction phase, the glyceraldehyde 3-phosphate dehydrogenase constitutive promoter (GAP) system of biomass and protein synthesis occurred simultaneously without methanol. While conditions during the induction phase of the AOX1 system must be strictly controlled, the GAP system has minimum requirements. For extracellular expression, a vector derived from S. cerevisiae α-factor is used, that contains a sequence encoding a secretion signal linked to the foreign gene [11] . Several studies have shown that pGAP is more efficient of pAOX1 for the production of proteins [12, 14] .
One of the main disadvantages of the P. pastoris expression system is a post-secretory proteolytic degradation of the recombinant products. Reducing the number of cells during the induction phase is correlated with the accumulation of intracellular reactive oxygen species, especially of formaldehyde and hydrogen peroxide, which are by-products of the metabolism of methanol [12, 15] .
The yeast S. cerevisiae is the most important eukaryotic model organism for molecular genetic studies. It is used in the production of bread and beer, and it is considered safe for the production of proteins for use in medicine or in the food industry. It is easy for genetic manipulation, which makes it popular for cloning and expression of eukaryotic proteins [12, 16, 17] . Beside P. pastoris and Hansenula polymorpha, S. cerevisiae is the most commonly used expression system due to the high amount of expressed proteins [18] . S. cerevisiae allows correct folding and glycosylation of heterologous eukaryotic proteins. The recombinant proteins were expressed in S. cerevisiae to a high level. Enzymes expressed in S. cerevisiae have a much greater molecular mass than in their natural host, due to extensive N-hyperglycosylation [19] .
The aim of this study was cloning of CHO in yeast S. cerevisiae and P. pastoris, as well as its expression in these, nowadays, widely applied expression systems. We tried to obtain an enzyme that could be applied to enzymatic assays, biosensors, or as a supplement to the food industry and in the industry for bleaching detergents.
MATERIAL AND METHODS

Genes for CHO
The synthetic gene for the CHO (1821 bp) from the L. sativa was obtained from GenScript Company, USA, and cloned into the vector pUC57.
Strains and vectors
E. coli strain DH5α was used for cloning of genes and maintenance of the plasmid. P. pastoris, strain X-33, and the S. cerevisiae strain InvSC1 were used for extracellular expression of the carbohydrate oxidase. PGAPZαA vector, used for the expression of the carbohydrate oxidase in P. pastoris strain X-33, as well as the expression vector pYES2 carbohydrate oxidase in S. cerevisiae strain InvSC1, were supplied by the company Invitrogen, Carlsbad, CA, USA.
Media for the growth of microorganisms
Luria Broth medium (LB)
LB medium was used for the growth of bacteria. The LB medium contained: yeast extract, 5 g L -1 ; NaCl, 5 g L -1 ; tryptone, 10 g L -1 ; agar, 20 g L -1 (for solid medium) and antibiotics: zeocin (25 mg mL -1 ) or ampicillin (100 mg mL -1 ). Antibiotics have been added to the media after adjusting pH to 7.4, autoclaving and cooling to 40-50 °C. (for solid medium), zeocin 100 mg mL -1 and glucose 20 g L -1 . The media were adjusted to pH 7.4 and autoclaved prior to addition of sterile solutions of glucose and zeocine through filter sterilization.
Rich liquid medium for growth of yeasts (2xYPAD)
2xYPAD is used for culture growing to log phase before transformation. and either glucose (2%, for selective media) or galactose (2%, for inducible media). Glucose or galactose have been added to the media from a sterile solution, after adjusting the pH to 5-6 and autoclaving.
Preparation of competent cells
Preparation of chemically competent E. coli DH5α cells
A single colony of E. coli DH5α was inoculated from a LA agar plate into 5 mL of LB liquid medium and grown in a shaker (250 rpm) over night at 37 °C. 1 mL of the overnight culture was transferred in 100 mL of LB liquid medium and cells were grown in a shaker (250 rpm) at 37 °C until the optical density reached a value between 0.3-0.5 at 600 nm (about 2-3 h). When the cells have reached the appropriate optical density, they were transferred on ice for 10 min and then centrifuged for 5 min at 3000 rpm at 4 °C. The precipitate was resuspended in 10 mL sterile cold CaCl 2 solution (60 mM CaCl 2 , 15% glycerol, 10 mM TRIS, pH 7.0) and incubated on ice for 30 min. Cells were centrifuged for 5 min at 3000 rpm at 4 °C, then resuspended in 2 mL of sterile cold CaCl 2 solution, aliquoted at 100 µL, immediately frozen in liquid nitrogen and stored at -80 °C [20] .
Preparation of electrocompetent cells of Pichia pastoris X-33
A single colony of P. pastoris X-33 was inoculated from YPD agar plate into 3 mL of YPD liquid medium containing 12.5 µg/mL chloramphenicol and grown in a shaker (250 rpm) over night at 30 °C. The overnight culture was transferred into 50 mL of YPD medium and the optical density was measured at 600 nm. Cells were grown in a shaker (250 rpm) at 30 °C until the optical density increased to 1-2. After reaching the appropriate optical density, cells were centrifuged for 10 min at 3000 rpm, resuspended in 10 mL of DTT/LiAc solution, and incubated for 30 min at room temperature. Then the cells were centrifuged again for 5 min at 3000 rpm, resuspended in 1 mL of cold 1 M sorbitol, transferred to a mini tube (1.5 mL) and centrifuged 5 min at 5000 rpm/min. The cells were then washed three times in cold 1 M sorbitol, resuspended in 500 µl of cold 1 M sorbitol and frozen at -80 °C.
Preparation of competent S. cerevisiae cells InvSC1
A single colony of S.cerevisiae InvSC1 was inoculated from YPD agar plate into 2.5 mL 2xYPAD liquid media containing 12.5 μg/mL chloramphenicol and grown in a shaker (250 rpm) over night at 30 °C. The overnight culture was transferred to 50 mL of 2xYPAD medium and the optical density was measured at 600 nm. Cells were grown in a shaker (250 rpm) at 30 °C until the optical density increased 4 times (about 4 h). After the cells have reached the appropriate optical density, they were centrifuged for 5 min at 3000 rpm, resuspended in 25 mL of sterile water and then centrifuged again for 5 min at 3000 rpm. After that, cells were resuspended in 500 µl of sterile water, centrifuged for 5 min at 6000 rpm, resuspended in 500 µl of a sterile solution of the FCC (5% glycerol, 10% DMSO) and frozen at -80 °C.
Cloning of CHO
Cloning of CHO in pGAPZαA vector
Restriction of CHO-pUC and pGAPZαA vectors. CHO--pUC57 was checked for restriction before cloning into the vector pGAPZαA EcoRI. CHO-pUC and pGAPZαA vector were subjected to a double restriction with enzymes XbaI and XhoI. Restriction mixture contained components shown in Table 1 . 20 20 Restriction mixture was incubated for 16 h at 37 °C. After 16 h the reaction was stopped by incubating for 20 min at 80 °C. The digested pGAPZαA vector was purified with GeneJet PCR Purification Kit (Fermentas, Canada). Digested CHO-pUC was subjected to dephosphorylation. Mixture of dephosphorylation contained: 2 µL 10x buffer for alkaline phosphatase, 0.5 µL alcaline phosphatase (1 U/µL), 15 µL of sample and 2.5 µL MiliQ water. Total volume of the reaction mixture was 20 µL.
The mixture was incubated at 37 °C for 10 min and after that at 75 °C. After dephosphorylation and purification of restricted CHO-pUC and pGAPZαA vectors, the samples were checked by agarose electrophoresis.
Ligation of CHO pGAPZαA vectors and transformation of E. coli DH5α
After the successful restriction of CHO-pUC and pGAPZαA vectors, the gene for CHO was ligated into the pGAPZαA vector. Ligation mixture contained: 2 µL 10x T4 buffer for ligation, 0.5 µL ligase (10 U/µL), 3 µL dephosphorilated CHO (12 ng/µL), 10 µL pGAPZαA (1 ng/µL), 4.5 µL MiliQ water. Total volume of the reaction mixture was 20 µL.
Ligation mixture was incubated for 16 h at 16 °C, and then at 70 °C for 5 min. 2 µL of this mixture was added to 100 µL of frozen electrocompetent E. coli DH5α cells. The entire mixture was then transferred to a cold cuvette (which was pre-incubated on ice for 5 min) for transformation. The mixture was incubated on ice in cuvettes for 1 min. 1 mL of SOC medium was added and the mixture was transferred to a sterile tube and incubated for 1 h at 37 °C (250 rpm).
After 1h 200 µL of transformation mixture was plated on solid LB medium with zeocin. The plates were incubated overnight at 37 °C. The next day, colonies were transferred to a fresh solid LB medium with zeocin and individually placed in 1 mL of liquid LB medium with zeocin. Liquid cultures were incubated overnight at 37 °C and 250 rpm. After two days, plasmids were isolated from the growing colonies. Before transformation of P. pastoris X-33, linearized plasmids were isolated. The mixture for linearization contained: 2 µL 10x Tango buffer, 0.5 µL XmajI restricted enzyme (10 U/μL), 1 µL CHO-pGAP and 16.5 µL MiliQ water. Total volume of the reaction mixture was 20 µL. The mixture was incubated for 12 h at 37 °C and then at 80 °C for 20 min. Linearized plasmids were tested by agarose electrophoresis.
Transformation of P. pastoris X-33
Cuvettes for the transformation were pre-incubated on ice for 5 min. 10 µL of linearized plasmid was added to 100 µL of competent cells. The mixture was supplemented with 1 mL of sterile sorbitol, transferred to a sterile tube and incubated for 1 h at 30 °C without mixing. After 1 h, 500 µl of YPD medium was added and the mixture was incubated for 3 h at 30 °C, 250 rpm. After 3 h, 200 µL of transformation mixture was transferred to solid YPDS medium with zeocin at a final concentration of 100 mg/mL.
Cloning of carbohydrate oxidase into the pYES2 vector
Restriction of CHO-pUC and pYES2 vectors. CHO--pUC57 and pYES2 vectors were subjected to double digestion in the presence of XbaI and EcoRI restriction enzymes. Restriction mixture contained components shown in Table 2 . 20 20 Restriction mixtures were incubated at 37 °C overnight and then at 80 °C for 20 min. Digested CHO--pUC57 was subjected to dephosphorylation, in a mixture containing: 2 µL 10x buffer for alcaline phosphatase, 1 µL alcaline phosphatase, 15 µL sample and 2 µL MiliQ water. Total volume of reaction mixture was 20 µL. The reaction was running for 10 min at 37 °C, followed by 5 min at 75 °C. After double digestion with GeneJet PCR Purification Kit (Fermentas, Canada), pYES2 was purified and then checked by agarose electrophoresis.
Ligation of CHO and pYES2 and transformation of E. coli DH5α
After the successful restriction of CHO-pUC and pYES2 vector, the CHO gene was ligated into the vector pYES2. The ligation mixture contained: 2 µL10x T4 ligation buffer, 0.5 µL ligase (10 U/µL), 1 µL dephosphorilated CHO (65 ng/µL), 10 µL pYES2 (2 ng/µL), 6.5 µL MiliQ water. Total volume of reaction mixture was 20 µL.
Ligation mixture was incubated for 16 h at 16 °C, followed by 10 min at 70 °C. 2 µL of this mixture was added into 100 µL frozen electrocompetent E. coli DH5α cells. The mixture was incubated on ice cuvettes for 1 min. 1 mL of SOC medium was added and the mixture was transferred to a sterile tube and incubated for 1 h at 37 °C (250 rpm).
After 1 h 200 µL of transformation mixture was plated on solid LB medium with ampicillin. The plates were incubated overnight at 37 o C. The next day growing colonies were tranferred on a fresh solid LB medium with ampicillin. Liquid cultures were incubated overnight at 37 °C and 250 rpm. The next day, plasmids were isolated from growing colonies and then checked with EcoRI restriction. Restriction mixture was incubated for 3 h at 37 °C, and contained: 1 µL 10xEcoRI buffer, 0.5 µL EcoRI (10 U/µL), 4 µL plasmid and 4.5 µL MiliQ water. Total volume of the reaction mixture was 10 µL.
Three of the constructs displayed the bands corresponding to the expected molecular mass. To determine if constructs have the gene for CHOx inserted into pYES2 expression vector, another double digestion with EcoRI and XbaI enzymes was performed. The reaction mixture contained: 4 µL 10x Tango buffer, 1 µL EcoRI (10 U/µL), 2 µL XbaI (10 U/µL), 5 µL plasmid and 8 µL MiliQ water. Total volume of the reaction mixture was 20 µL. The mixture was incubated for 3 h at 37 °C, then 20 min at 80 °C and DNA was analyzed by agarose electrophoresis.
Transformation of S. cerevisiae InvSC1
Chemically competent cells InvSC1 were centrifuged for 2 min at 13000 rpm. Then the cells were transferred to a solution containing 260 μL of PEG, 36 μL Li acetate, 50 μL SS DNA (which was previously heated for 5 min at 100 °C) and 14 μL of the plasmid. The mixture was vortexed and incubated for 1 h at 42 °C, with occasional mixing. 1 mL YNB-CAA-Glc-A-T was added to the mixture. Plates with cells were incubated for 2 days at 30 °C.
Isolation of plasmid
A single colony from the LA medium supplemented with antibiotics was inoculated into 3 mL of medium and grown in a shaker (250 revolutions/min) at 37 °C overnight. The culture was transferred to a 1.5 mL eppendorf tube and centrifuged for 1 min at 13000 rpm. The supernatant was removed and the cells were resuspended in 150 µL of cold GTE+ solution (25 mM TRIS, 10 mM EDTA, 50 mM glucose, 100 mg/mL of ribonuclease, pH 8.0) + 300 µL of freshly prepared P2 solution (200 mM NaOH, 1% SDS) and slowly mixed until the solution became clear. After that 450 µL of cold potassium acetate solution (4 M CH 3 COOK, pH 6.3) was added and slowly mixed. The suspension was centrifuged for 4 min at 13000 rpm. The supernatant was transferred to a new eppendorf tube with 400 µL isopropanol. The content was mixed several times and centrifuged for 4 min at 13000 rpm. The supernatant was removed and 1 mL of ice-cold 75% ethanol was added to the residue. The solution was centrifuged for 2 min at 13000 rpm. The supernatant was removed and the precipitate (plasmid DNA) was dried in a vacuum evaporator.
Yeast fermentation
Production of carbohydrate oxidase in P. pastoris X-33
Colonies, which grew after transformation of P. pastoris on YPDS medium containing zeocin, were plated in 1 mL of YPD medium with zeocin and incubated for two days at 30 °C and 250 rpm. After two days, the colonies were tested under the microscope, in order to determine contamination. Non-contaminated colonies were tested in the ABTS assay for detection of carbohydrate oxidase activity. As none of the colonies showed CHO activity, all were centrifuged and dissolved respectively in 0.1 M sodium acetate buffer pH 5.5 and then tested with SDS PAGE.
After silver staining, seven colonies were selected which were re-tested in SDS PAGE after precipitation of trichloroacetic acid (TCA). Three of these colonies were placed into 10 mL YPD medium with zeocin, in a final concentration of 100 mg/mL. The colonies were incubated at 30 °C and 250 rpm for 4 days.
After fermentation, all samples were TCA precipitated and then tested on SDS PAGE. The samples were tested with native PAGE and zymogram.
Production of carbohydrate oxidase in S. cerevisiae InvSC1
Colonies were grown after 24 h on YNB + CAA-Glc + T + A solid medium, inoculated with 1 mL of the same liquid medium and incubated for 24 h at 30 °C and 25 rpm. After 24 h, 3 mL of the liquid YNB + CAA-Gal + A + T medium was added to each of the colonies and they were incubated at 30 °C and 250 rpm for 12 h, after which the colonies were concentrated from 100 to 10 mL by ultrafiltration on a membrane of 50 kDa. Finally, samples were tested on SDS PAGE.
Determination and expression of CHO
ABTS assay
The mixtures for determining the activity of glucose oxidase contained 60 mM sodium acetate buffer pH 5.5, 333 mM glucose, 1 mM ABTS, 1 U/mL HRP in a volume of 990 µL. Change in absorbance was measured at 405 nm after addition of 10 µL of sample with carbohydrate oxidase. 1 U of CHO is defined as the quantity of the enzyme producing 1 µmol hydrogen peroxide in 1 min. The amount of hydrogen peroxide was determined by the concentration of the oxidized ABTS whose extinction coefficient at 405 nm is 36.8 mL μmol -1 cm -1 [21] .
Precipitation of the protein with TCA
TCA precipitation of the proteins was performed in cold conditions. 250 µL TCA (50% TCA in dH2O) was added into 500 µl of sample. The tubes were vortexed and centrifuged for 10 min at 4 °C. The supernatant was removed and sample was mixed with 200 µL acetone. After another centrifugation, the supernatant was again removed, and the side walls of the tube were washed with another 100 µL of acetone. The supernatant was removed and the sample was dried at room temperature. The sample was resuspended in a small volume of the 0.1 M sodium acetate buffer pH 5.5.
Electrophoretic techniques
DNA agarose electrophoresis
For DNA agarose electrophoresis, 1% agarose in TBE buffer (89 mM TRIS, 89 mM boric acid, 20 mM EDTA, pH 8.0) was used and 5 µL of DNA sample was mixed with the color in 1:5 proportion. DNA markers for electrophoresis (Fermentas, Canada) were applied in an amount of 3 µL. Electrophoresis started at a voltage of 80 V until the dye reached the end of the gel. After completion of electrophoresis, the gel was immersed for 5 min in a solution of ethidium bromide 0.5 mg/mL and filmed under UV light.
SDS polyacrylamide gel electrophoresis (SDS PAGE)
For the analysis of glucose oxidase, the reductive polyacrylamide electrophoresis was used [22] . The gels contained the components as shown in Table 3 . Samples for SDS electrophoresis were mixed with preparation buffer (60 mM TRIS pH 6.8, 25% glycerol, 2% SDS, 14.4 mM β-mercaptoethanol, 0.1% bromophenol blue) at a ratio of 1:4. The resulting solution was boiled for 5 min at 95 °C. Protein markers for electrophoresis (Fermentas, Canada) were applied in 5 µL volume.
Electrophoresis was done for 2 h at constant voltage of 150 V in a water bath containing electrophoresis buffer (0.025 M Tris pH 8.3, 0.192 M glycine, 0.1% SDS). Electrophoresis was stopped when bromophenol blue dye reached the edge of the gel. The gel was fixed and stained with CBB (Coomassie brilliant blue) G-250 (0.1% CBB and 50% methanol, 10% acetic acid) overnight. Bleaching of the gel was carried out in 7% acetic acid solution until the appearance of stained protein bands on the gel.
Native gel electrophoresis
Solutions for native electrophoresis were identical to solutions for SDS-PAGE electrophoresis, except that no SDS was added to the gel and no β-mercaptoethanol was added to the buffer. Electrophoresis was done in the same order as in the SDS-PAGE electrophoresis. After completion of the electrophoresis gel was colored with silver. The protocol for the silver staining of gel is given in the Table 4 . 
Zymogram
Zymogram was done identically to the native electrophoresis, only that instead of washing the gel with distilled water, the gel was dipped in the solution for activity determination. In contrast to the assay used to determine the activity of the solution, guaiacol was used instead of ABTS.
RESULTS AND DISCUSSION
The transformation of the bacteria and miniprep with the restriction mapping of the plasmid After double digestion of CHO-pUC57 and pGAPZαA with restriction enzymes XhoI and XbaI, pGAPZαA vector was purified and each sample was checked on agarose gel electrophoresis to determine an approximate concentration of DNA (Fig. 1) .
Comparing bands intensity of the digested samples with bands intensity of the molecular markers and quantities of DNA in each lane, the concentration of pGAPZαA was determined as 1 ng/µL, while the concentration of digested CHO-pUC57 was 12 ng/µL.
Six colonies grew the next day and they were transferred to a fresh solid LB medium with zeocin. Liquid cultures were incubated overnight at 37 °C and 250 rpm. After two days, the colonies 3 and 6 grew and plasmids were isolated from them. Before transformation of P. pastoris X-33, isolated plasmids were linearized (Fig. 2) . Agarose electrophoresis of DNA showed that plasmids satisfied criteria of molecular weight (4.9 kbp), and these plasmids were used for further transformation of P. pastoris X-33.
Transformation of E. coli DH5α with gene CHOx cloned into an expression vector pYES2
After double digestion of CHO-pUC57 and pYES2 with restriction enzymes EcoRI and XbaI, samples were checked by agarose gel electrophoresis in order to determine the approximate concentration of DNA (Fig. 3) .
Comparing the intensity of the bands of the digested samples to the intensity of the bands corresponding to molecular markers and quantities of DNA in each lane, the concentration of CHO-pUC57 was determined as approximately 65 ng/µL. The pYES2 plasmid was then purified and then checked by agarose gel electrophoresis (Fig. 4) . Based on the intensity of molecular markers and quantities of DNA in each lane, it was determined that a concentration of pYES2 was approximately 2 mg/µL. After dephosphorylation CHO-pUC57 the volume of reactants for ligation was calculated. Colonies that have grown until the next day and plasmids were isolated from colonies that grew and then checked with EcoRI restriction (Fig. 5) . The obtained results showed that constructs 14 and 15 displayed the expected size ~ 8kb (5.9kb +1.8 kb). However, the construct number 8 also showed a band of slightly below 8kb. Thus, the constructs 8, 14 and 15 were subjected to double digestion with EcoRI and XbaI restriction enzymes for further verification (Fig. 6) .
DNA electrophoresis showed that the construct 8 does not display a band on 1.8 kb, which is the approximate length of CHO genes, while constructs 14 and 15 displayed two bands, corresponding to 1.8 and 5.9 kb. These constructs were used for the further transformation of S. cerevisiae InvSC1. 
Transformation of yeast and fermentation
Transformation of P. pastoris X-33 with pGAP-CHO construct P. pastoris X-33 was transformed with linearized constructs 3 and 6. Twenty five colonies of cells transformed with the construct 3 grew on a solid YPDS medium with zeocin, while 11 colonies grew on a plate with cells transformed with the construct 6. After two days, colonies were tested under the microscope in order to determine the contamination. Colonies that were not contaminated were tested with the ABTS assay for detection of carbohydrate oxidase activity. None of the colonies showed activity and all were centrifuged and resuspended in 0.1 M sodium acetate buffer pH 5.5. Non-contaminated colonies were tested by SDS PAGE after the first fermentation. After electrophoresis, 4 selected samples (7, 14, 24 and 26) were precipitated with trichloroacetic acid (TCA) and tested by SDS PAGE (Fig. 7) . Fig. 7 . SDS PAGE after TCA precipitation for 4 samples (7, 14, 24 and 26) .
Based on these results, the samples with numbers 14, 24 and 26 were selected for monitoring the fermentation and time profile of the protein expression. These samples were selected because their protein bands on the electrophoresis were different from the others and from the empty pGAP (number 0). Three selected colonies were placed into 10 mL YPD medium with zeocin (100 mg mL -1 ). The colonies were incubated at 30 °C and 250 rpm for 4 days. Aliquots were collected every 24 hours. After the fermentation, cells were centrifuged and the supernatants were precipitated with TCA again and tested on SDS PAGE (Fig. 8) .
After the first day, the samples 24 and 26 displayed a band which did not occur in the sample derived from the empty vector, thus it is possible to assume that this band corresponded to the desired CHO. The band occurred on a molecular weight higher than the theoretical molecular weight of this enzyme (greater than 120 kDa), but since the enzyme can be glycosylated, it could have a higher molecular weight than its expected value. Samples from the first and second day were tested with native electrophoresis, and then with zymogram with guaiacol, hoping to detect CHO activity which has not been detected previously with the enzyme assay. However, even these tests did not yield positive results. Foumani et al. [8] claimed that GOOX from Acremonium strictum could have a novel substrate specificity and that occurred likely due to amino acid substitution in this enzyme. Most substitutions are located on the protein surface or far from the oxidation site, which may be a reason for the lack of the enzyme activity.
There is a possibility that the enzyme had misfolded upon synthesis, so refolding it might have resulted in recovering the activity. For P. pastoris, the oligosaccharide chains attached to proteins are shorter and more authentic than in S. cerevisiae. The average chain lenght of glycoproteins expressed by P. pastoris is only 8-14 mannose residues, whereas that by S. cerevisiae it is 40-150 residues [23] . Analysis of the carbohydrates coupled to recombinant enzymes indicated the predominant presence of N-linked, high mannose structure and Asn-X-Ser/Thr was found to be the site of glycolisation , same as that in mammalian cells [24] . Many glycosylated proteins have been expressed successfully in P. pastoris. Up to now, many heterologous proteins have been expressed in P. pastoris because the level of expression is equivalent to that of E. coli and significantly higher than that of S. cerevisiae [25] . Expression and secretion of these heterologous proteins, however, depends not only on gene dosage, but also on other factors, such as signal sequence recognition and processing, proteolysis, fermentation and glycosylation.
Salts were also proven necessary for the production of heterologous proteins in Pichia. The presence of at least 200 µM copper was needed for optimal laccase activity [26] .
There are several reports on expressing heterologous proteins in P. pastoris at low temperatures [11] . Incubation temperatures of 30, 27, 25 and 23 °C have been examined in order to minimize extracellular proteolysis.
The kinetics of proteolytic reaction, in the presence or absence of cells, were shown to be influenced by pH. Jahic et al. [27] reported that decreasing the pH from 5.0 to 4.0 in bioreactor cultures resulted in an increase in the fraction of full-length product from 40 to 90% during expression of cellulose-binding module in P. pastoris. The optimal pH would be determined best by running a series of fermentations at different pH values, therefore controlling the medium pH during the fermentation process is necessary. Optimum pH depends on individual properties of the protein, especially stability.
Transformation of S. cerevisiae with the construct CHO-pYES
S. cerevisiae strain InvSC1 was transformed with constructs CHO-pYES 14 and 15. Only one colony had grown after 24 hours on the plate containing cells transformed with the construct 14, while on the plate containing the cells with construct 15, two colonies grew (marked as: 15-1 and 15-2). Activity of each sample was determined after concentration but samples did not show any activity. However, the samples were further tested with SDS PAGE (Fig. 9) .
The sample 15-2 showed a band corresponding to a molecular mass of about 110 kDa. This value is higher than the theoretical one, but given that only this sample differed from the empty vector and showed a band that was absent from other samples, we assumed that the band may derive from the desired enzyme, CHO.
Glycosylation is one of the critical post-translation processing events in the synthesis of proteins. The role of glycosylation in protein folding, oligomer assembly, structural stability, specific signal transduction has been well documented [28] . Yeast and the highest eukaryotes utilize an evolutionarily conserved N-linked oligosaccharide biosynthetic pathway that involves the formation of a Glc3Man9GlcNAc2-PP-dolichol lipidlinked precursor [29] . Subsequently, glycohydrolases in the endoplasmic reticulum remove the three glucoses and (with the exception of Schizosaccharomyces pombe) one specific mannose residue. Processing sugar transferases in the Golgi leads to the fomation of core-sized structure (Hex (<15) GlcNac (2) ) and cores with an extended poly-α1, 6-Man backbone [29] . The protein has to undergo all the mentioned post-translation modifications in order to obtain the correct conformation and any misstep in posttranslational modification pathway can cause the protein to be inactive.
Proteins may be susceptible to misfolding for a variety of reasons, including the formation of intermolecular disulfide bonds and exposure of their hydrophobic surfaces [11] . Intermolecular disulfide bonds are formed at higher temperatures when proteins are expressed in E. coli [30] . Lowering the cultivation temperature can be beneficial for reducing the proteolytic degradation of the recombinant proteins in the culture medium.
CONCLUSIONS
After cloning and heterologous expression of CHO in the P. pastoris expression system we have obtained several expressed protein bands with molecular weights over 116 kDa.
Cloning and heterologous expression of CHO in a S. cerevisiae expression system, gave a protein that showed on SDS PAGE a molecular weight of about 110 kDa.
Bands obtained on the SDS PAGE had a higher molecular weight than theoretical. It is known that recombinant proteins, expressed in yeast, have higher molecular weights than expected due to the higher degree of glycosylation.
The resulting protein has shown no enzymatic activity in the ABTS assay and this may be due to inadequate folding of the protein in the expression system of S. cerevisiae. Further experiments on recombinant protein purification and refolding studies are necessary.
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